We study tubular surfaces in Euclidean 3-space satisfying some equations in terms of the Gaussian curvature, the mean curvature, the second Gaussian curvature, and the second mean curvature. This paper is a completion of Weingarten and linear Weingarten tubular surfaces in Euclidean 3-space.
Introduction
Let f and g be smooth functions on a surface M in Euclidean 3-space E 3 . The Jacobi function Φ f, g formed with f, g is defined by
where f s ∂f/∂s and f t ∂f/∂t. In particular, a surface satisfying the Jacobi equation Φ K, H 0 with respect to the Gaussian curvature K and the mean curvature H on a surface M is called a Weingarten surface or a W-surface. Also, if a surface satisfies a linear equation with respect to K and H, that is, aK bH c, a, b, c / 0, 0, 0 , a, b, c ∈ IR, then it is said to be a linear Weingarten surface or a LW-surface 1 .
When the constant b 0, a linear Weingarten surface M reduces to a surface with constant Gaussian curvature. When the constant a 0, a linear Weingarten surface M reduces to a surface with constant mean curvature. In such a sense, the linear Weingarten surfaces can be regarded as a natural generalization of surfaces with constant Gaussian curvature or with constant mean curvature 1 . In this paper, we would like to contribute the solution of the above question by studying this question for tubes or tubular surfaces in Euclidean 3-space E 3 .
respectively. From Brioschi's formula in a Euclidean 3-space, we are able to compute K II and H II of a surface by replacing the components of the first fundamental form E, F, and G by the components of the second fundamental form e, f, and g, respectively 14 . Consequently, the second Gaussian curvature K II of a surface is defined by
and the second mean curvature H II of a surface is defined by
where u i and u j stand for "s" and "θ t", respectively, and
, where L ij are the coefficients of the second fundamental form 3, 4 .
Remark 2.1. It is well known that a minimal surface has a vanishing second Gaussian curvature, but that a surface with the vanishing second Gaussian curvature need not to be minimal 14 . The curvature and the torsion of the curve α are denoted by κ, τ. Then, Frenet formula of α s is defined by
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1 . Furthermore, we have the natural frame {M S , M θ } given by
M θ −λ sin θN λ cos θB.
3.3
The components of the first fundamental form are
where σ 1 − λκ cos θ. On the other hand, the unit normal vector field U is obtained by
As λ > 0, ε is the sign of σ such that if σ < 0, then ε −1 and if σ > 0, then ε 1. From this, the components of the second fundamental form of M are given by 
3.16
Now, we consider a tubular surface M in E 3 satisfying the Jacobi equation Φ K, H II 0. By using 3.9 , 3.13 , and 3.15 , we obtain Φ K, H II in the following form: Consequently, the study of linear Weingarten tubular surfaces in 3-dimensional Euclidean space is completed with 1 .
